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Summary  Natural  ﬁbres  are  widely  used  in  the  area  of  composite  material  applications
because  of  their  low  density,  low  cost  and  acceptable  speciﬁc  mechanical  properties.  However
natural ﬁbres  have  some  disadvantages  such  as  the  poor  water  resistance  due  to  hydrophilic
cellulose  ﬁbres  resulting  in  poor  mechanical  properties.  Research  is  being  done  on  reduc-
ing moisture  absorption  of  natural  ﬁbre-based  composites,  by  using  advanced  manufacturing
techniques  as  well  as  by  providing  different  coatings.
The purpose  of  this  work  is  to  study  the  moisture  absorption  and  mechanical  properties  of
jute-epoxy composites.  Jute  ﬁbres  are  treated  with  NaOH  before  manufacturing  of  composite
laminate  in  order  to  improve  adhesion  with  epoxy  material.  Further  jute-epoxy  composite  spec-
imens were  coated  with  epoxy  resin  and  acrylic  paint.  Composite  specimens  with  and  without
coatings are  subjected  to  absorption  in  solutions  of  different  pH  media,  for  28  days  (666  h).  The
effect of  coatings  on  reduction  in  moisture  absorption  for  jute-epoxy  composite  is  presented
in this  current  work.
©  2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
rg/l(http://creativecommons.o This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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ntroduction
he  application  of  natural  plant  ﬁbres  as  reinforcement
n  composite  material  has  generated  considerable  interest
Sreekala  and  Thomas,  2003).  Natural  plant  ﬁbres  are  avail-
ble  in  abundance,  inexpensive,  biodegradable.  However
atural  plant  ﬁbres  have  some  drawbacks  like  high  mois-
ure  absorption  tendency  because  of  cellulose,  swelling,  and
icle under the CC BY-NC-ND license (http://creativecommons.org/
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in  distilled  water,  reduction  in  percentage  moisture  gain
is  observed  for  acrylic  coated  as  well  as  for  epoxy  coated
specimens  as  compared  to  uncoated  specimens.
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epoxyAn  experimental  study  on  moisture  absorption  for  jute-epox
low  processing  temperature  (Masoodi  and  Pillai,  2012).  The
moisture  absorption  shows  signiﬁcant  effect  on  mechani-
cal  properties  and  operational  characteristics  of  composite.
The  purpose  of  the  present  work  is  to  study  the  moisture
absorption  behaviour  of  NaOH  treated  jute-epoxy  composite
coated  with  acrylic  paint  and  epoxy  resin  in  distilled  water
as  well  as  in  solutions  of  different  pH.
Materials and methods
Jute  ﬁbre  is  selected  as  reinforcement  in  polymer  com-
posite  for  moisture  absorption  study.  Initially  jute  mat  is
treated  with  18%  NaOH  to  improve  mechanical  properties
of  the  resulting  composite  laminate  by  increasing  adhesion
between  jute  ﬁbre  and  polymer  matrix  (Venkateshwaran  and
ElayaPerumal,  2012;  Khanam  et  al.,  2010).
Fabrication of composite laminate
The  jute-epoxy  composite  laminate  was  fabricated  by  hand
lay-up  technique  using  compression  moulding  machine.
Epoxy  resin-520  and  Epoxy  hardener-PAM  used  in  the  propor-
tion  10:1.  Composite  specimens  are  cut  as  per  ASTM  D570
standard  for  moisture  absorption  study  and  ASTM  D3039
standard  for  tensile  strength  study.  The  moisture  absorp-
tion  study  has  been  carried  out  on  jute-epoxy  composite
specimens  coated  with  acrylic  paint  and  epoxy  resin.  The
percentage  weight  gain  is  compared  with  uncoated  jute-
epoxy  composite  specimens.
Moisture study
Moisture  study  is  carried  out  on  NaOH  treated  uncoated  and
coated  specimen  in  distilled  water  and  in  the  solutions  of
pH  4,  7  and  8.  The  pH  range  is  selected  considering  jute-
epoxy  composite  as  a  proposed  material  for  dome  of  biogas
plant  which  experiences  pH  variation  in-between  5  and  9
depending  upon  feed.  The  range  of  the  pH  value  is  main-
tained  to  have  better  biogas  yield  (Jayaraj  et  al.,  2014).
After  regular  time  intervals,  the  specimens  are  taken  out
from  distilled  water  and  pH  solutions,  wiped  with  the  help
of  absorbent  paper  and  then  weighed  with  digital  balance  of
accuracy  0.01  mg.  The  weighing  is  done  within  30  s  in  order
to  avoid  the  error  due  to  evaporation.  Specimens  are  again
immersed  in  respective  pH  solutions  and  distilled  water  to
continue  moisture  study.  The  moisture  study  is  carried  out
for  28  days  (666  h).  The  weight  increase  in  specimen  due  to
moisture  absorption  is  calculated  as  follows:
W(%)  = Mt −  Mo
Mo
×  100
where,  W  (%)  =  weight  gain  by  specimen  in  percentage,
Mo =  dry  specimen  weight  and  Mt =  weight  of  specimen  after
time  (t).Tensile strength study
The  test  is  carried  out  on  the  universal  testing  machine
(Model  No-STS248)  of  accuracy  ±1%.  The  speed  for  crossigure  1  Tensile  test  of  coupon  specimen  of  jute-epoxy  com-
osite.
ead  is  maintained  as  10  mm/min.  The  obtained  tensile
trength  is  about  35  MPa  for  30.23%  volume  fraction  of  NaOH
reated  jute  ﬁbre  (Fig.  1).
esult and discussion
ig.  2  shows  percentage  moisture  gain  for  NaOH  treated  and
ntreated  jute  ﬁbre  reinforced  epoxy  composite  laminate.
aOH  treated  specimen  registered  lower  percentage  mois-
ure  gain  as  compared  to  untreated  jute-epoxy  laminate  in
istiled  water  (Sature  and  Mache,  2015).  This  shows  that
ith  NaOH  chemical  treatment  there  is  reduction  in  mois-
ure  gain.  From  Fig.  3  it  is  seen  that  for  specimens  immersed0 50 100 150 200
Time in  (hrs)
Figure  2  Comparison  in  distilled  water.
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Figure  3  NaOH  treated  specimen  in  distilled  water.
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Figure  4  Uncoated  specimen  in  solutions  of  different  pH  and
distilled  water.
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Figure  5  Behaviour  in  pH  8  solution.
Jute-epoxy  composite  laminate  showed  lower  percent-
ge  moisture  gain  in  solutions  of  different  pH  as  compared
o  distilled  water  for  both  coated  and  uncoated  specimens.
hese  results  for  one  such  case  of  uncoated  specimens  are
hown  in  Fig.  4.  This  signiﬁes  that  even  if  there  is  change  in
H  value,  percentage  moisture  gain  does  not  vary  in  similar
ind  of  jute-epoxy  specimens.  Fig.  5  shows  comparative  per-
entage  moisture  gain  for  coated  and  uncoated  specimens
n  solution  of  pH  8.  The  results  show  that  there  is  reduction
n  percentage  moisture  gain  for  acrylic  and  epoxy  coated
VR.  Londhe  et  al.
pecimens  as  compared  to  uncoated  specimens.  Further  sim-
lar  kinds  of  results  were  observed  in  other  pH  solutions
s  well.  This  signiﬁes  that  with  coatings  reduction  in  per-
entage  moisture  uptake  can  be  achieved  even  if  pH  of  the
olution  changes.
onclusion
n  the  current  study,  NaOH  treated  jute  ﬁbre  reinforced
poxy  composite  laminate  coated  with  acrylic  paint  and
poxy  resin  have  been  studied  for  moisture  absorption  in
istilled  water  as  well  as  in  solutions  of  different  pH  for
otal  duration  of  28  days  (666  h).  The  results  are  compared
ith  uncoated  specimen  under  similar  conditions.
In  distilled  water,  acrylic  paint  and  epoxy  resin  coated
pecimens  shows  reduction  in  moisture  gain  as  compared
o  uncoated  specimens.  This  shows  that  both  acrylic  paint
nd  epoxy  prove  to  be  good  moisture  resistant.  With  NaOH
hemical  treatment,  considerable  decrease  in  percentage
oisture  gain  is  observed.  This  gives  another  way  to  reduce
oisture  absorption  for  natural  ﬁbre  composite.
While  considering  effect  of  coatings  in  solutions  of  dif-
erent  pH,  both  acrylic  and  epoxy  coatings  are  giving  good
esults  and  resistant  to  moisture  absorption  compared  to
ncoated  specimen  under  similar  conditions  of  pH.  This
hows  that  the  chemically  treated  jute-epoxy  laminate  can
e  proposed  for  condition  which  undergoes  continuous  pH
ariation  as  similar  kind  of  moisture  gain  is  observed.
onﬂict of interest
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